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57] ABSTRACT

A battery controller for controlling at least two batteries of
different kinds, includes a kind-of-battery detection unit for
detecting a kind of battery, and a battery switching unit in
which a switching voltage, a suspended mode shift voltage
and a termination voltage having different values 1n accor-
dance with the kind of the battery detected by the kind-of-
battery detector are previously set to compare an output
voltage of a battery being discharged with the previously set
switching voltage, suspended mode shift voltage and termi-
nation voltage so that switching of the battery being
discharged, stopping of operation of an apparatus being
supplied with electric power by the battery being discharged
or stopping of supply of electric power by the battery being
discharged 1s performed.

5 Claims, 6 Drawing Sheets
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BATTERY CONTROLLER FOR
CONTROLLING BATTERIES OF
DIFFERENT KINDS AND INCLUDING
BATTERY MONITORING MEANS FOR
CALCULATING REMAINING OPERATION
TIME AND AN INFORMATION
PROCESSING APPARATUS INCLUDING
SUCH BATTERY CONTROLLER

BACKGROUND OF THE INVENTION

The present invention relates to a battery controller for
controlling batteries of different kinds and more particularly
to a battery controller for controlling batteries of different
kinds which are equipped 1n a portable information process-
Ing apparatus or communication apparatus. Further, the
present mvention relates to a note-type personal computer
equipped with the battery controller.

Conventional apparatuses such as note-type personal
computers, portable telephones, portable cassette players
and handy video cameras include a battery for supplying
clectric power to 1nternal circuits provided in the appara-
tuses when an external power supply 1s not connected
thereto.

A battery used 1n the portable information processing
apparatus or the like includes a NiCd battery, a NiMH

battery or a L1 1on battery.

The NiCd battery uses nickel for a positive pole and
cadmium for a negative pole and has excellent low tem-
perature characteristic and overcharge/overdischarge resis-
tant characteristic. Further, the Ni1Cd battery has a long life
and a low manufacturing cost but has problems such as a
larce memory effect, a low electric power capacity per unit
welght and environmental disruption due to cadmium.

The memory eifect 1s one of characteristic of a secondary
battery which can be re-charged. When the battery 1s
re-charged 1n the state where electric power 1n the battery 1s
not discharged completely, the battery memorizes the charge
level remaining therein upon the re-charging operation and
when the charge level remaining upon the re-charging
operation 1s reached in the re-discharging operation, the
battery stops the discharging although electric power in the
battery 1s not discharged completely.

The N1iMH battery uses nickel for a positive pole and
hydrogen-occluding alloy for a negative pole and has a
larger electric power capacity per unit weight and a smaller
memory effect as compared with the N1Cd battery.

The Li battery uses material which occludes and emits
lithium 10ns 1n positive and negative poles and generally
uses Li1CoQO, for the positive pole and carbon for the
negative pole.

The Li1on battery has an excellent feature that the electric
power capacity per unit weight 1s larger than the NiMH
battery and there 1s no memory effect, while since the L1 1ion
battery has cobalt contained 1n the positive pole thereot, 1t 1s
difficult to reduce a manufacturing cost of the positive pole
and a peripheral circuit for preventing reduction of the safety
and deterioration of the performance upon the overcharging
operation 1s 1ndispensable for the Li 1ion battery.

Further, various batteries used 1n the conventional por-
table mformation processing apparatus or the like have
different charging and discharging characteristics.

More particularly, a constant-current charging system 1s
used to charge the N1iMH battery. The NiMH battery 1s
charged by a rapid charging current recommended by a
battery maker and a temperature of the battery 1s detected at
a thermistor terminal thereof to finish the charging.
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In addition, a constant-current and constant-voltage
charging system 1s used to charge the Li 1on battery. In the

constant-current and constant-voltage charging system, the
battery 1s first charged by a constant current and when a
terminal voltage of the battery reaches a predetermined
value, the battery 1s switched to be charged by a constant
voltage and then after an elapse of predetermined time the
charging 1s finished.

As different points of the discharging characteristics of
the N1iMH battery and the Li 1on battery, a very low battery
voltage and a final or termination voltage are different.

The very low battery voltage 1s a voltage at which an
apparatus equipped with the battery 1s shifted to a suspended
mode. In portable personal computers or the like, the opera-
tion mode 1s shifted to the suspended mode when this
voltage 1s reached, to prevent stoppage of supply of electric
POWET.

Further, the termination voltage 1s a voltage for stopping
supply of electric power by the battery. Since there are any
cells 1n which discharging is msuilicient when the termina-
tion voltage 1s too high and which 1s overdischarged when
the termination voltage 1s too low, it 1s necessary to set the
termination voltage carefully.

In the conventional portable information apparatus or the
like, the charging and discharging characteristics are largely
different depending on a kind of a battery mounted therein
and accordingly the apparatus cannot use a battery of

different kind.
SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a battery
controller capable of effectively utilizing the capacity of
batteries of various kinds and preventing overcharging.

It 1s another object of the present invention to provide a
battery controller capable of charging batteries of various

kinds.

It 1s another object of the present mnvention to provide a
battery controller capable of calculating a total remaining,
operation time of a plurality of batteries.

These and other objects and novel features of the present
invention will be apparent from the following description of
the specification and the accompanying drawings.

Brief description of representative aspects disclosed 1n the
present 1nvention 1s as follows:

(1) In the battery controller for controlling a plurality of
batteries of various kinds simultaneously, electric power 1s
supplied to an apparatus connected to the batteries while
switching the plurality of batteries of different kinds.

The battery controller examines whether batteries are
mounted 1n slots in which the plurality of batteries of various
kinds can be mounted and when batteries are mounted in the
slots, the kind of at least two batteries mounted 1n the slots
1s detected by kind-of-battery detection means.

For example, when the batteries mounted in the slots
include thermistor terminals indicating temperature of the
batteries, the kind-of-battery detection means of the battery
controller measures 1mpedances of the thermistor terminals
to detect the kind of the batteries.

Discharge switching means of the battery controller stops
using of a battery being discharged currently and starts to
discharge another battery. The discharge switching means 1s
supplied with the kind of battery detected by the kind-of-
battery detection means and an output voltage of the battery
being discharged.

The discharge switching means examines 1n accordance
with the kind of battery detected by the kind-of-battery
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detection means whether the output voltage of the battery
being discharged reaches a previously set battery switching
voltage which 1s different depending on the kind of battery.

As the result that the discharge switching means examines
the output voltage of the battery being discharged, when the
output voltage of the battery being discharged reaches a
battery switching voltage, the battery being discharged 1s
switched.

Further, when the other battery 1s not mounted 1n case
where the battery being charged 1s switched, the battery
continues to be discharged even after the output voltage of
the battery reaches the battery switching voltage. The dis-
charge switching means examines in accordance with the
kind of battery detected by the kind-of-battery detection
means whether or not the output voltage of the battery being
discharged reaches the previously set suspended mode shaft
voltage which 1s different depending on the kind of battery.

As the result that the discharge switching means examines
the output voltage of the battery being discharged, when the
output voltage of the battery being discharged reaches the
previously set suspended mode shiit voltage, the signal for
shifting an apparatus including the battery controller to the
suspended mode 1s produced.

When the apparatus including the battery controller 1s an
information processing unit having the suspended mode and
the apparatus receives the signal for shifting the apparatus to
the suspended mode from the battery controller, the appa-
ratus stops usual operation and 1s shifted to a mode 1n which
consumption power 1s suppressed extremely.

When a battery which has been charged 1s newly mounted
in the information processing unit having the suspended
mode or an external power supply 1s connected thereto 1n the
suspended mode, the information processing apparatus can
be returned to the usual operation again.

When a battery which has been charged 1s not mounted 1n
the information processing unit having the suspended mode
or an external power supply 1s not connected thereto in the
suspended mode, switching control means examines in
accordance with the kind of battery detected by the kind-
of-battery detection means whether the output voltage of the
battery being discharged reaches a previously set termina-
tion voltage which 1s different depending on the kind of
Dattery.

As the result that the switching control means examines
the output voltage of the battery being discharged, when the
output voltage of the battery being discharged reaches the
termination voltage, supply of electric power to the appa-
ratus body including the battery controller 1s stopped.

As described above, according to the battery controller,
since the battery 1s discharged 1n accordance with the
previously set battery switching voltage, suspended mode
shift voltage and termination voltage which are different
depending on the detected kind of battery, the capacity of the
batteries of different kinds can be used effectively and
overdischarging can be prevented.

(2) In the battery controller described in the item (1), the
batteries of different kinds are charged.

The battery controller includes a constant current charg-
ing circuit and a constant voltage charging circuit, for
example, as battery charging means for charging the batter-
ies of different kinds and controls charging 1n combination
of the two charging circuits.

When the external power supply 1s connected after supply
of electric power by the battery, the charge control means
operates the battery charging means 1n accordance with the
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kind of battery detected by the kind-of-battery detection
means and the battery i1s charged in combination of the
constant current charging circuit and the constant voltage
charging circuit.

For example, when the battery the kind of which 1s
detected by the kind-of-battery detection means 1s an NiMH
battery, the constant current charging 1s made 1 which the
constant current charging circuit of the battery charging
means 15 used to charge the battery by a rapid charging
current recommended by a battery maker and a temperature
of the battery 1s detected by means of the thermistor terminal
to terminate the charging.

Further, when the battery the kind of which 1s detected by
the kind-of-battery detection means 1s an L1 1on battery, the
constant current and constant voltage charging 1s made 1n
which the constant current charging circuit and the constant
voltage charging circuit of the battery charging means are
used to first charge the battery by the constant current and
then switch the constant current charging to the constant
voltage charging when a terminal voltage of the battery
reaches a predetermined value and after an elapse of a
predetermined time the charging 1s finished.

As described above, according to the battery controller,
since the kind of battery 1s detected to control charging of the
battery in combination of the constant current charging and
the constant voltage charging, batteries of different kinds can
be charged.

(3) In the battery controller described 1n the items (1) and
(2), the total remaining operation time of the battery being
discharged and the battery not discharged 1s calculated.

When remaining operation time calculation means 1s
started 1n case where an apparatus including the battery
controller 1s operated, the remaining operation time calcu-
lation means requires data relative to the remaining capacity
and the remaining operation time of a plurality of batteries
to battery monitoring means of the plurality of batteries.

When the remaining operation time calculation means
receives the data from the battery monitoring means of the
plurality of batteries, the remaining operation time calcula-
tion means uses the data relative to the remaining capacity
and the remaining operation time of the batteries being
discharged to calculate the remaining operation time of the
batteries not discharged.

The remaining operation time calculation means adds the
remaining operation time of the battery being discharged
obtained from the battery monitoring means and the calcu-
lated remaining operation time of the battery not discharged
to calculate the total remaining operation time.

Since a battery monitoring IC included in the smart
battery which supports the standard specification “smart
battery” uses an average discharge current value to calculate
the remaining operation time, the remaining operation time
in the unoperated state 1s largely different from the remain-
ing operation time 1n the discharging operation.

Accordingly, the battery controller calculates the remain-
ing operation time of the battery not discharged on the basis
of the relation of the remaining capacity and the remaining
operation time of the battery being discharged.

As described above, according to the battery controller,
since data of the battery being discharged 1s used to calculate
the remaining operation time of the battery not discharged,
the total remaining operation time of the plurality of batter-
ies can be calculated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram schematically illustrating a
personal computer equipped with a battery controller of the
present 1nvention;
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FIG. 2 15 a perspective view showing an external appear-
ance of the personal computer;

FIG. 3 1s a block diagram schematically illustrating the
battery controller of the present invention;

FIG. 4 1s a block diagram illustrating a kind-of-battery
detecting operation provided by the battery controller of the
present mvention;

FIG. 5 1s a block diagram 1illustrating a battery discharge
switching operation and a termination voltage detecting
operation provided by the battery controller of the present
mvention;

FIG. 6 1s a block diagram illustrating a smart battery data
obtaining operation provided by the battery controller of the
present mvention;

FIG. 7 1s a block diagram 1llustrating a remaining opera-
fion time calculating process provided by the battery con-
troller of the present invention;

FIG. 8 1s a block diagram illustrating an example of a
battery state display picture provided 1n the battery control-
ler of the present invention; and

FIG. 9 1s a block diagram schematically illustrating a
battery controlling microcomputer provided in the battery
controller of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A battery controller according to an embodiment of the
present 1nvention 1s now described 1n which a microcom-
puter for a keyboard of a personal computer 1s used in
combination therewith to charge and discharge two different
kinds of batteries and display a remaining operation time of
the batteries.

FIG. 1 1s a schematic diagram 1illustrating a personal
computer of the embodiment. In FIG. 1, numeral 100
denotes a personal computer, 110 a CPU, 120 a memory, 121
an operating system, 122 an advanced power management
basic input/output system (hereinafter referred to as APM-
BIOS), 123 a system management bus basic input/output
system (hereinafter referred to as SMB-BIOS), 130 a mag-
netic disk unit, 131 a battery state display software, 140 a
display unit, 141 a battery state display picture, 150 a
keyboard, 151 a microcomputer for a keyboard, 160 a
battery controller, and 161 and 162 smart batteries.

As shown 1n FIG. 1, the personal computer of the embodi-
ment 1includes the CPU 110, the memory 120, the operating
system 121, the APM-BIOS 122, the SMB-BIOS 123, the
magnetic disk unit 130, the battery state display software
131, the display unit 140, the battery state display picture
141, the keyboard 150, the microcomputer 151 for the

keyboard, the battery controller 160, and the smart batteries
161 and 162.

Further, as shown 1n FIG. 1, 1n the personal computer 100
of the embodiment, the CPU 110 for controlling the whole
of the personal computer 100, the memory 120 in which the
operating system 121, the APM-BIOS 122 and the SMB-
BIOS 123 are stored, the magnetic disk unit 130 1n which the
battery state display software 131 1s stored, the display unit
140 for displaying the battery state display picture 141, the
keyboard 150 including the keyboard microcomputer 151,
and the battery controller 160 for controlling the smart
batteries 161 and 162 are connected.

The SMB-BIOS 123 stored in the memory 120 of the

personal computer 100 1s a basic mput/output system
(BIOS) for battery management for supporting the standard
specification “smart battery”. Further, the APM-BIOS 122 1s
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a basic input/output system (BIOS) for power management
for supporting portion relative to the remaining operating
fime of the battery management.

The battery state display software 131 stored in the
magnetic disk unit 130 of the personal computer 100 1s a
software which 1s started by a user at the user’s discretion to
display the state of the smart batteries 161 and 162 onto the
battery state display picture 141 of the display unit 140 on
the basis of data obtained from the smart batteries 161 and

162.

The smart batteries 161 and 162 controlled by the battery
controller 160 of the embodiment are batteries of different
kinds such as the N1IMH battery and the L1 1ion battery which
support the standard specification “smart battery”.

FIG. 2 shows the external appearance of the personal
computer 100 of the embodiment.

As shown 1n FIG. 2, the personal computer 100 of the
embodiment includes two slots of first and second bays into
which the smart batteries 161 and 162 are mounted detach-

ably. Either slot can accommodate any battery of different
kind.

Further, states of the smart batteries 161 and 162 mounted
into the first and second bays are displayed on the battery
state display picture 141 of the display unit 140 of the
personal computer 100.

As shown 1 FIG. 2, since the personal computer 100
including the battery controller 160 of the embodiment
includes the first and second bays into which the smart
batteries 161 and 162 are mounted detachably, two batteries
can be mounted therein simultaneously, so that the personal
computer 100 can be operated for a long time by the
batteries.

FIG. 3 1s a schematic diagram 1illustrating the battery
controller 160 of the embodiment. In FIG. 3, numeral 310
denotes a battery charging circuit, 311 a constant current
charging circuit, 312 a constant voltage charging circuit, 320
a charge control IC, 321 a battery voltage detection circuit,
330 a kind-of-battery detection circuit, 340 a discharge
switching circuit, and 341 a termination voltage detection
circuit. The kind-of-battery detection circuit 330 1s for
detecting the kind of type of the battery used and 1s never for
discriminating different kinds of battery or the same kind of
battery.

As shown 1 FIG. 3, the battery controller 160 of the
embodiment includes the battery charging circuit 310, the
constant current charging circuit 311, the constant voltage
charging circuit 312, the charge control IC 320, the battery
voltage detection circuit 321, the kind-of-battery detection
circuit 330, the discharge switching circuit 340, and the
termination voltage detection circuit 341.

Further, as shown 1n FIG. 3, in the battery controller 160
of the embodiment, the microcomputer 151 for the keyboard
1s used as a host LSI of the standard specification “smart
battery” and controls the smart batteries 161 and 162 by
connecting the charge control IC 320, the battery voltage
detection circuit 321, the kind-of-battery detection circuit
330 and the discharge switching circuit 344).

The battery charging circuit 310 of the battery controller
160 of the embodiment includes the constant current charg-
ing circuit 311 and the constant voltage charging circuit 312
and can charge batteries of different kinds.

The charge control IC 320 of the battery controller 160 of
the embodiment controls the constant current charging cir-
cuit 311 or the constant voltage charging circuit 312 of the
battery charging circuit 310 1n accordance with a signal from
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the battery voltage detection circuit 321 to charge the smart
batteries 161 and 162.

The kind-of-battery detection circuit 330 of the battery
controller 160 of the embodiment detects a kind of battery
by means of thermistor terminals of the smart batteries 161

and 162.

The discharge switching circuit 340 of the battery con-
troller 160 of the embodiment measures discharge voltages
of the smart batteries 161 and 162 and switches a discharge
battery for supplying electric power to the personal com-
puter 100 1n accordance with a voltage value thereof.

Further, the termination voltage detection circuit 341 of
the discharge switching circuit 340 measures discharge
voltages of the smart batteries 161 and 162 and shifts the
operation of the personal computer 100 to a suspended mode
in accordance with a voltage value thereof.

FIG. 4 illustrates the kind-of-battery detection operation
of the battery controller 160 of the embodiment. In FIG. 4,
numerals 401 and 402 denote thermistor terminals, and 410
a comparison circuit for comparing outputs of the thermistor
terminals.

As shown 1n FIG. 4, the kind-of-battery detection opera-
fion of the battery controller 160 of the embodiment is
performed by means of the thermistor terminals 401 and 402
and the comparison circuit 410 for comparing the outputs of
the thermistor terminals.

Further, as shown 1n FIG. 4, 1n the kind-of-battery detec-
tion operation of the battery controller 160 of the
embodiment, impedances of the thermistor terminals 401
and 402 provided in the smart batteries 161 and 162 are
measured and the measured impedance values are compared
in the comparison circuit 410 to detect the kinds of the
batteries.

The thermistor terminals 401 and 402 of the smart bat-
teries 161 and 162 are provided to detect temperatures of the
smart batteries 161 and 162 and particularly are used to
detect completion of charging of the N1iMH battery.

More particularly, the output of the thermistor terminal of
the N1IMH battery 1s varied in accordance with a temperature
at a high impedance while the output of the thermistor
terminal of the L1 1on battery 1s constant at a low impedance
and accordingly when the N1iMH battery and the Li ion
battery are used as the smart batteries 161 and 162, the
impedances of the thermistor terminals 401 and 402 can be
measured to thereby detect the kinds of the batteries.

FIG. 5 1llustrates the discharge switching operation and
the termination voltage detection operation of the battery
controller 160 of the embodiment. In FIG. §, numerals 501
and 502 denote battery voltage terminals, 510 a discharge
voltage comparison circuit and 511 a termination voltage
comparison circuit.

As shown 1n FIG. 5, the discharge switching operation
and the termination detection operation of the battery con-
troller 160 of the embodiment are performed by means of the
battery voltage terminals 501 and 502, the discharge voltage
comparison circuit 510 and the termination voltage com-
parison circuit 511.

Further, as shown 1n FIG. §, in the discharge switching
operation and the termination voltage detection operation of
the battery controller 160 of the embodiment, output volt-
ages of the battery voltage terminals 501 and 502 of the
smart batteries 161 and 162 are measured, so that switching
of the battery for discharging or shift to the suspended mode
1s performed by means of the discharge voltage comparison
circuit 510 and the termination voltage comparison circuit

S11.
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The discharge voltage comparison circuit 510 of the
discharge switching circuit 340 compares the output volt-
ages from the battery voltage terminals 501 and 502 of the
smart batteries 161 and 162 1n accordance with a detection
result from the kind-of-battery detection circuit 330 to judge
whether a voltage value for switching the discharging bat-
tery 1s reached or not.

Further, the discharge voltage comparison circuit 510 of
the discharge switching circuit 340 compares the output
voltages from the battery voltage terminals 501 and 502 of
the smart batteries 161 and 162 in accordance with the
detection result from the kind-of-battery detection circuit
330 to judge whether the very low battery voltage for
shifting the personal computer 100 to the suspended mode 1s
reached or not.

The termination voltage comparison circuit 511 of the
termination voltage detection circuit 341 compares the out-
put voltages from the battery voltage terminals 501 and 502
of the smart batteries 161 and 162 1n accordance with the
detection result from the kind-of-battery detection circuit
330 to judge whether a voltage value for shifting to the
suspended mode 1s reached or not.

FIG. 6 1llustrates the smart battery data obtaining opera-
tion of the battery controller of the embodiment. In FIG. 6,
numerals 601 and 602 denotes battery monitoring 1Cs, 610
a system management bus, 611 a clock line, 620 a smart
battery data, and 630 a remaining operation time calculation
unit.

As shown 1n FIG. 6, the smart battery data obtaining
operation of the battery controller 160 of the embodiment 1s
performed by means of the battery monitoring I1Cs 601 and
602, the system management bus 610, the clock line 611, the
smart battery data 620 and the remaining operation time
calculation unit 630.

Further, as shown 1n FIG. 6, 1n the smart battery data
obtaining operation of the battery controller 160 of the
embodiment, the smart batteries 161 and 162 and the micro-
computer 151 for the keyboard are connected by means of

the system management bus 610 and the clock line 611 1is
switched to thereby obtain the smart battery data 620.

In the battery controller 160 of the embodiment, the
battery monitoring ICs 601 and 602 included in the smart
batteries 161 and 162 are ICs defined in the standard
specification “smart battery” and which serve to detect
terminal voltage, discharging/charging currents, tempera-

tures of battery cells and the like of the smart batteries 161
and 162.

The smart battery data 620 of the battery controller 160 of
the embodiment include data indicative of states of the smart
batteries 161 and 162 produced by the battery monitoring
ICs 601 and 602 and the like. The smart battery data 620
include, for example, data such as the “average current data”
indicative of an average discharging current in one minute,
the average time to empty data” indicative of a remaining
operation time unftil a remaining amount of the battery is
reduced to zero at the average discharging current and the
“remaining capacity data” indicative of a remaining capacity
of the battery.

The remaining operation time calculation unit 630 of the
battery state display software 131 uses the smart battery data
620 to calculate the total remaining operation time of the
plurality of smart batteries 161 and 162.

Description 1s now made to operation for performing,
charging, discharging and display of the remaining operation
time of the smart batteries 161 and 162 of different kinds in
the personal computer 100 including the battery controller
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160 of the embodiment 1n combination with the microcom-
puter 151 for the keyboard.

In the personal computer 100 including the battery con-
troller 160 of the embodiment, the microcomputer 151 for
the keyboard performs polling by means of the system
management bus 610 and examines whether the smart
batteries 161 and 162 are mounted 1n the first or second bay.

When the microcomputer 151 for the keyboard detects
that the battery 1s mounted 1n any of the first or second bay,
the mounted battery 1s set as the discharge battery. When the
batteries are mounted 1n both of the bays, the battery
mounted in the first bay 1s set as the discharge battery and
flag information indicating which of batteries 1s being dis-
charged 1s set.

The kind-of-battery detection circuit 330 of the battery
controller 160 of the embodiment measures 1mpedances of
the thermistor terminals 401 and 402 of the smart batteries
161 and 162 and produces different signals 1mn accordance
with the measured 1mpedance values as kind-of-battery
detection signals.

The discharge switching circuit 340 of the battery con-
troller 160 of the embodiment supplies the kind-of-battery
detection signal produced by the kind-of-battery detection
circuit 30 and the output voltage from the battery voltage
terminal 501 or 502 of the smart battery 161 or 162 set 1n the
discharge battery by the microcomputer 151 for the key-
board to the discharge voltage comparison circuit 510.

The discharge voltage comparison circuit 510 of the
discharge switching circuit 340 sets the low battery voltage
in accordance with the kind-of-battery detection signal pro-
duced by the kind-of-battery detection circuit 330 and
examines whether the output voltage of the battery being
discharged reaches the low battery voltage or not.

The low battery voltage 1s a voltage for switching the
battery. In the battery controller 160 of the embodiment,
when the output voltage of the smart battery 161 being
discharged reaches the low battery voltage, the smart battery
161 1s switched or changed to the smart battery 162, so that
the smart battery 162 1s discharged.

As the result that the discharge voltage comparison circuit
510 of the discharge switching circuit 340 examines the
output voltage of the battery being discharged, when the
output voltage of the battery being discharged reaches the
low battery voltage, the battery to be discharged 1s switched
to the battery mounted 1n the second bay and flag informa-
tion indicating which battery 1s being discharged 1s changed
to indicate the battery mounted in the second bay.

Further, when any battery 1s not mounted 1n the second
bay 1n case where the battery being discharged 1s switched,
the battery being discharged continues to be discharged even
after the output voltage of the battery being discharged
reaches the low battery voltage.

As described above, when the battery being discharged
continues to be discharged even after the output voltage of
the battery being discharged reaches the low battery voltage,
the discharge voltage comparison circuit 510 of the dis-
charge switching circuit 340 sets the very low battery
voltage 1n accordance with the kind-of-battery detection
signal produced by the kind-of-battery detection circuit 330
and examines whether the output voltage of the battery
being discharged reaches the very low battery voltage or not.

As the result that the discharge voltage comparison circuit
510 of the discharge switching circuit 340 examines the
output voltage of the battery being discharged, when the
output voltage of the battery being discharged reaches the
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very low battery voltage, a signal for shifting the personal
computer 100 to the suspended mode 1s produced.

When the personal computer 100 receives the signal for
shifting the personal computer 100 to the suspended mode,
the personal computer 100 turns off the backlight of the
display unit 140 and stops the usual operation so that the
personal computer 1s shifted to the mode 1n which the
consumption power 1s suppressed extremely.

In the suspended mode, when the battery which has been
charged completely 1s newly mounted in the bay in which
the battery 1s not discharged or an external power supply 1s
connected, the personal computer 100 can be returned to the
usual operation again.

In the suspended mode, when the battery which has been
charged completely 1s not mounted or the external power
supply 1s not connected, the termination voltage comparison
circuit 511 of the termination voltage detection circuit 341
sets the termination voltage 1n accordance with the kind-of-
battery detection signal produced by the kind-of-battery
detection circuit 330 and examines whether the output
voltage of the battery being discharged reaches the termi-
nation voltage or not.

As the result that the termination voltage comparison
circuit 511 of the termination voltage detection circuit 341
examines the output voltage of the battery being discharged,
when the output voltage of the battery being discharged
reaches the termination voltage, supply of electric power to
the personal computer 100 1s stopped.

When the external power supply 1s connected after elec-
tric power 1s supplied by the discharge battery as described
above, the charge control 1C 320 of the battery controller
160 of the embodiment operates the constant current charg-
ing circuit 311 or the constant voltage charging circuit 312
in accordance with the kind-of-battery detection signal from
the kind-of-battery detection circuit 330 to start charging of
the smart batteries 161 and 162.

Further, when the batteries are charged by the constant
voltage charging circuit 312, the charge control IC 320 of the
battery controller 160 of the embodiment controls the charge
voltage of the battery charging circuit 310 1n accordance

with the signal from the battery voltage detection circuit 321
to charge the smart batteries 161 and 162.

As described above, 1 the battery controller 160 of the
embodiment, the kind of the smart batteries 161 and 162 1s
detected by the kind-of-battery detection circuit 330 and
discharge or charge 1s made 1n accordance with the kind-
of-battery detection signal, while the battery detected by the
kind-of-battery detection circuit 330 may be any battery
equipped with the thermistor terminal 401 or 402 from
which the kind of the battery can be detected and 1s not
necessarily required to be a battery which supports the
standard specification “smart battery”.

When the battery state display software 131 1s started
while the personal computer 100 including the battery
controller 160 of the embodiment 1s operated, the remaining
operation time calculation umit 630 of the battery state
display software 131 requires the smart battery data 620 to

the microcomputer 151 for the keyboard through the oper-
ating system 121, the APM-BIOS 122 and the SMB-BIOS

123.

The microcomputer 151 for the keyboard switches the
clock line 611 and obtains the smart battery data 620 of the
smart batteries 161 and 162 from the battery monitoring 1Cs
601 and 602 through the system management bus 610.

The smart battery data 620 of the battery controller 160 of
the embodiment include data such as the average discharge
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current, the remaining operation time and the remaining
capacity as described above.

FIG. 7 1llustrates the remaining operation time calculation
process of the battery controller 160 of the embodiment.

As shown 1n FIG. 7, in the remaining operation time
calculation process of the battery controller 160 of the
embodiment, the remaining capacity and the remaining
operation time of the smart battery 161 being discharged and
the remaining capacity of the smart battery 162 not dis-
charged are used to calculate the remaining operation time
of the smart battery 162 not discharged and calculate the
total remaining operation time of the smart batteries 161 and

162.

As described above, the battery monitoring ICs 601 and
602 included 1n the smart batteries 161 and 162 report the
respective remaining operation times to the microcomputer
151 for the keyboard which 1s the host LSI as the smart
battery data 620.

However, since the average discharge current value of the
smart battery 162 not discharged 1s very small, the remain-
ing operation time reported by the battery monitoring IC 602
of the smart battery 162 not discharged has an extremely
large value.

Accordingly, even 1f the respective remaining operation
fimes sent from the battery monitoring ICs 601 and 602 are

added together, the exact total remaining operation time of
the smart batteries 161 and 162 cannot be obtained.

Thus, as shown 1n FIG. 7, the remaining operation time
calculation unit 630 of the battery state display software 131
calculates the remaining operation time “84 minutes” from
a ratio of the remaining capacity “1000 mAh” and the
remaining operation time “30 minutes” of the smart battery
161 being discharged and the remaining capacity “2800
mAh” of the smart battery 162 not discharged and adds the
remaining operation time “30 minutes” of the smart battery
161 to the remaining operation time “84 minutes” of the
smart battery 162 to obtain the total remaining operation
fime “114 minutes”.

The calculation of the total remaining operation time 1s
made when one of the batteries 1s being discharged, while
even when electric power 1s supplied by the external power
supply and both of the batteries are not discharged, the total
remaining operation time can be calculated by memorizing
the remaining capacity and the remaining operation time
during supply of electric power by the battery.

FIG. 8 shows an example of the battery state display
picture 141 of the battery controller 160 of the embodiment.

As shown 1n FIG. 8, the state of supplying electric power,
the total remaining operation time and the respective
remaining capacities of the batteries calculated by the
remaining operation time calculation unit 630 of the battery
state display software 131 are displayed 1n the battery state
display picture 141 of the battery controller 160 of the
embodiment.

Further, 1n the battery controller 160 of the embodiment,
the battery control microcomputer may be used to make
charging and discharging of the batteries of different kinds
and display of the remaining operation time.

FIG. 9 schematically illustrates the battery control micro-
computer of the battery controller 160 of the embodiment. In
FIG. 9, numeral 900 denotes a battery control
microcomputer, 901 a host LSI unit, 902 a charge control
unit, 903 a voltage control unit, 904 a discharge switching,
control unit, 905 a host interface, and 906 an LCD indicator

mterface.

10

15

20

25

30

35

40

45

50

55

60

65

12

As shown 1n FIG. 9, the battery control microcomputer of
the battery controller 160 of the embodiment includes the
host LSI unit 901, the charge control unit 902, the voltage
control unit 903, the discharge switching control unit 904,
the host interface 905 and the LCD indicator interface 906.

Further, as shown 1n FIG. 9, the battery control micro-
computer 900 of the battery controller 160 of the embodi-
ment 1s connected to the battery charging circuit 310, the
smart batteries 161 and 162 and the microcomputer 151 for
the keyboard, and the host LSI unit 901 of the battery control
microcomputer 900 1s connected to the charge control unit
902, the voltage control unit 903, the discharge switching,

control unit 904, the host interface 905 and the LCD
indicator interface 906.

The host LSI unit 901 of the battery control microcom-
puter 900 corresponds to the host LSI of the standard
specification “smart battery”. The host LSI unit controls the
whole of the battery control microcomputer 900 and detects
a kind of the battery on the basis of the smart battery data

620 obtained from the smart batteries 161 and 162.

The charge control unit 902 of the battery control micro-
computer 900 controls the constant current charging circuit
311 or the constant voltage charging circuit 312 of the
battery charging circuit 310 1n accordance with the signal
from the voltage control unit 903 to charge the smart

batteries 161 and 162.

The discharge switching control unit 904 of the battery
control microcomputer 900 measures discharge voltages of
the smart batteries 161 and 162 and switches the discharge
battery for supplying electric power to the personal com-
puter 100 1n accordance with the measured voltage value.

- the

Further, the discharge switching control unit 904 of
battery control microcomputer 900 shifts the personal com-
puter 100 to the suspended mode 1n accordance with the
discharge voltage values of the smart batteries 161 and 162.

The host interface 905 of the battery control microcom-
puter 900 1s an mterface for sending the smart battery data
620 through the microcomputer for the keyboard to the
battery state display software 131.

The LCD indicator interface 906 of the battery control

microcomputer 900 1s an interface used to display the smart
battery data 620 onto the LCD.

As described above, according to the battery controller of
the embodiment, since the battery switching voltage, the
suspended mode shift voltage and the termination voltage
which have different values 1n accordance with the detected
kind of the battery and are previously set are utilized to make
discharging, the capacity of the battery of different kind can
be used effectively and overdischarging can be prevented.

Further, according to the battery controller of the
embodiment, since charging 1s made 1in combination of the
constant current charging and the constant voltage charging
operation 1in accordance with the detected kind of the battery,
the battery of different kind can be charged effectively.

In addition, according to the battery controller of the
embodiment, since the data of the battery being discharged
1s used to calculate the remaining operation time of the
battery not discharged, the total remaining operation time of
the plurality of batteries can be calculated.

Although the present invention has been described defi-
nitely with reference to the embodiment, the present 1nven-
tion 1s not limited to the embodiment and 1t 1s a matter of
course that various changes and modifications may be made
without departing from the spirit and scope thereof.

Brief description of the effects obtained by representative
aspects disclosed 1n the present invention 1s as follows:
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(1) Since the battery switching voltage, the suspended
mode shift voltage and the termination voltage which have
different values 1n accordance with the detected kind of the
battery and are previously set are utilized to make
discharging, the capacity of the battery of different kind can
be used effectively and overdischarging can be prevented.

(2) Since charging is controlled in combination of the
constant current charging and the constant voltage charging
operation 1n accordance with the detected kind of the battery,
the battery of different kind can be charged effectively.

(3) Since the data of the battery being discharged is used
to calculate the remaining operation time of the battery not
discharged, the total remaining operation time of the plu-
rality of batteries can be calculated.

We claim:
1. Abattery controller for controlling at least two batteries
of different kinds, comprising:

kind-of-battery detection means for detecting a kind of
battery; and

battery switching means 1 which a switching voltage, a
suspended mode shift voltage and a termination voltage
having different values 1n accordance with the kind of
the battery detected by said kind-of-battery detection
means are previously set to compare an output voltage
of a battery being discharged with said previously set
switching voltage, suspended mode shift voltage and
termination voltage so that switching of the battery
being discharged, stopping of operation of an apparatus
being supplied with electric power by the battery being,
discharged or stopping of supply of electric power by
the battery being discharged 1s performed.
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2. A battery controller according to claim 1, comprising:

battery charging means for charging the batteries of
various kinds in combination of constant current charg-
ing and constant voltage charging; and

charge control means for controlling said battery charging,
means 1n accordance with the kind detected by said
kind-of-battery detection means.

3. A battery controller according to claim 1, wherein said
kind-of-battery detection means measures an 1impedance of
a thermistor terminal of each battery to thereby detect the
kind of the battery.

4. A battery controller according to claim 1, wherein each
of the batteries includes a thermistor terminal, a battery
voltage terminal and a battery monitoring IC.

5. A note-type personal computer including a battery
controller for controlling at least two batteries of different
kinds, comprising:

kind-of-battery detection means for detecting a kind of
battery; and

battery switching means 1in which a switching voltage, a
suspended mode shift voltage and a termination voltage
having different values 1n accordance with the kind of
the battery detected by said kind-of-battery detection
means are previously set to compare an output voltage
of a battery being discharged with said previously set
switching voltage, suspended mode shift voltage and
termination voltage so that switching of the battery
being discharged, stopping of operation of an apparatus
being supplied with electric power by the battery being
discharged or stopping of supply of electric power by
the battery being discharged 1s performed.
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